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^Aj-o. -g-ol^Tfl Sfal, 7fl%-§-ofl <2]*fl ^iL<*# aJiSM^ -^AHl ^-71^ 3 *ti £ 

£ iL*}-^ ^>7l^# #SL^ °}»^ $*k-jr t}^) ZL 

°lt R-Fe-B7jl o]« 0 V^ ^^oiq. zi ^7l#^r ££(|*H ^-^JE 50 

~500^m 2) ^S. ^]r€- ^Ml 1~10 wtft ^ 1-51- 5]£^-(RF 3 ) ^-fr HL^ 

^ 7>i # Jl£:(500~1100TC)<*fM #^1^ ^ ol^ji, 

*fl^€ R 2 Fei 4 B ^ 7>^1 71^1^2)- 1-5). s\EL^-7\ Q-frQ R- r ich «9 

Tfl^uf 7M^s. ^o] sq^tH] ojnfl 71^1^ l~20jmi %^<$^ 

50~500/zm x} 7 )m.s$°- (BH)max >20 MGOe, iHc >5 kOe °-S. <*flu|*li2j- js.*]- 

^"Tfl 

£ 5 

R-Fe-B iW, R-Fe-B ^l*}*), oj«J-^ ^ff, i^, 3^71*, 7fl%-g- 
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iHThe making method of high coercive micro-structured powder for bonded magnets and The 
magnet powder thereof} 

£ l£: Nd-Fe-B i^F^Ml cfltr 7] 7fl ^ AS ^-ifl^(MC) 4^*1 eH £]*fl -g- 

£ 2^ MC ^H^-^r4 HD *V&J 1000 T^H 2*1 # ^^Ejtb ^iHl rfltr , 

£ 3^ 1*1 em ^H-g-^o] A]s-8r£^l 4^- Ji*}^ ^s)- zisflH, 

51 6a ^ 6b^r HD ^ ^ 1^5]» ^^*V ^ofl rfltr SEM A>^, 

£ 7^ MC DyF 3 3^## ^^5ltr £-^1 rfl^b SEM ^ , 

£ 8^ MC ^-g- 1 ^ DyF 3 Sf^l-^- ^Ml ^^e)tr -g-^ Nd-rich #4 ^& 

^ 7lxl^-oil cflev EDS *M ZLSflH, 

£ 9^r DyF 3 2rtr## ^Ml aIs^S.^ il*>^ >£s}- 
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MC : 7]7%2{°_3. 

HD : ^d^eHl £*fl 

<i3> ^-^ o. .g-e^-g. pfojaL^ ^^^P-S^l R-Fe-B^l JLiLx}^ ol Hj-^ ^ ^l^wv 

<h> f d ^Ml^Tll^ R-Fe-B7fl ii^o^ n ^)7]## &<$\Z\o) 50- 

500jwm 51 ^S. ^ M 1-10 wt% ^ 1:31- sj£^-(RF 3 ) ^ S&^r 

7>i ^ i£r(500~1100°CHH <i«h§-& ^ JE.^ ^17} ^5>£l£^- f-O.SMl, 

n7]S\^ *VA^r 3^ ti]-g-O.S. ^ ^ 51711 2112:7} 7^*>£^- ^ ^Alofl cfl^^AVol 
^ol^c^. v} J1) ^-g-ofl cqsfl ^-^i^^r S^SH^S. is}^, ^7}2\ ^fc^l ^ 
M^Sl 7>7l^^ g<Li&X\ ol^fV olw^ o] S o]*H ^aflaj o] 3^1^ 

^ *8-lH cfltv Jl#^# %H^1?1 °1» ^-g-^H ^*l*Rr aflstf^ ^ 

<is> ^wl^o.^, R-Fe-B(Nd-Fe-B)7ll o]v) y^sM ^}&5)JL 9X°-*\, °lfe fe£ *l-7l 

^l^fl ^7l-^7,> ^1#^1 ^^51-1- 7>^V7fl ^c^uj 7 Mi $H -§~§-g- 
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<ie> =l^JL, #7] R-Fe-B^l *H-g- £1H^ IB ^s]^ (melt spinning) °}-%-& M- 

^-^o] HDDR(Hydrogen Disproportionation Desorption Recombination) 

^^Sr °l-g-*r o}^ «n a vcl 5*^. 

<i?> # 7 |<q -g-g-^-o^^ VCR, eflo]xi (Laser printer), = tL( Ha rd 

disk drive), S^r(Robot), $.7} *}^} iE] c>| ^ (Electric power steering), ^V^r <£S ^B 
(Automobile fuel pump), ^^JL, <^H€- ?M JL%^S] E.t]7} #-g-£)^ *fl#°ll 

*1» *r #3°] Sa°1 7Hle}, A>^7l7l ^ofl -§-g-SH A}-g-S]jL 

<18> o)<%- ^o], # 7 |^ ^7} ^ofl cfltr ^«-§- ^E^al ^ 

*V>11 *fl^jL Sa^-^, S>tfi3. ^7]# £E*V 7 >^Ai Alz|*> ^g_2.<* £-7flS tfl^f- 

<19> o]6\) x$Z± t Aj-7] j^lM* *H 7fl%-g-*>^ <g^-7> Cf^ilS ^ *3 5) ul ^ 

f^l Nd-Fe-B7^1 ^7l#^ *fl#-g-6l) zl n7]^rS.^-B] ^^}7] 

^-8-«fl ^SRr ^^l-o] ^£|JL o^cj-. 

<20> zis^, Aj. 7 ] Nd -Fe-B^l 7>^j t^H^H 5)J§Mf-^l- ^#SHr^ ^go] 
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<H °1* 43*1 "o V ^ ^ ^lS^-S] A]S]£7}- X^l-S)^. ^-^#0] *J-# i]] iS ]oj 

<22> ^T-fl ^V-g-s]- 51 jL SUfe §M ^ofl^ ^-#-§-JL ^ oj ( me l t 

spinning)^ ^ ^x]*}^ ^JEL^c-fl ^-g-o] 3 £ ^o^, 

^# ^ HDDR ^lStil-g-o] Hl^jL cfl^^A>ol 0^3. «^ 7l . ol^ 

<24> ^ g-ig o. j^jsq- 7 ].^ til-g-O.5. ^*-8-« ^ >D ^1S7> 7HrtV ^Ajofl cfl^ 

^#"8: -8-01*1-7(1 *KH, ^#-8-^ ^*fl ^£-°J# 5^SM 7)^ -g-AH Aj-^o) ^ l2: oll 
^ Ji*}^ 7f7l^^# ^^>H o]W G V^ ^cfl ^ S-^ol olcf. 

<25> cfS. JE.^ ^l^ ^l^H^l *m-8"i- ^ «<HH tfl^ *j=# A ] 

^ °1» *3*l*Rr *112:#S1 AJA>^ AlSlH* ^"tfl5|.Al7l^Cil ^tf. 

<26> o]^ o^V, £ R _ Fe _ B7 fl o]Hj-Aj i|^om ZL 3]l7)#-a- -g-^M ^^-oj^ 5Q 

~500//m Si ^ ^ofl 1-10 wt% Si 5)S.^-(RF 3 ) ^-^-g- ^ Stt 1-% 

^ ?\± # -H^r (500~ 1100 CH^l -g-i£ S^5Zf ^7\} 7 \ $3.3 3^- oi^ja, 

°1^7fl ^1S^ R 2 Fei 4 B Si l^^f 7>*1 71*1 tfaj. 1-51- 5]^7> R- r ich <U 

7fl#3|. 7lEl-#O.S. ^ol Sl^c^l o]nfl 7l*l#£l sf^-^^o. 1 ^ 2 0/^1 ^JI, §f 
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50~500/zm t}7}^^^ (BH)max >20 MGOe, iHc >5 kOe .2.3. fe£r ^l^i^l^ J±*V 

3# #7fl 5]^ ^ojcf. 

<28> u^, M. A^^ofl olc^ ; ^-^^ ^1 7]^ 2~ ^ofl Cfltb ^13<?1 -£^°1 

<29> zLe]ji -§-^1-^ ^°1H^ 7l^# JI3^H -g-^l:^ ol^ 

<30> ^, R-pe-B^i^ ^^7H S-^* *ll2^Rr (a) R-Fe-B 

7)1^ °l H oM3 ZL ^H^* 7l^l^«y ^SLsL ^m}^ ^r±.^% oj-g- -g-ifl 

*H ^^^^1-3.71 50-500^ ^-^s. ^-g^Rr ^}A, (b) #7HH R-Fe-B^ o]yj- 

^ ^rlM- 0.1 — 50^ 3.7}°] #2}- s)£fj-(RF 3 ) ^-^^ l~10wt%£) ^ti]S ^<5Rr 

^AQ, (c) ^7HH ^"^^ ^ Hl^r Hr%^ 7\±. &$]7) ^H] 500~1100°C °fl 

< 31 > -^71 (a) 2]^ n 7} #<2} 7fl%-g- ^ «r^i^* 5)1 7} £l ^ R-Fe-B7^1^| oj 
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<32> i£th ^)7}^9] ^ ^J±^-g- 4| , SlM^fe R-Fe-B^^ o]« o V^ ^^^^ 

^3^* ^ ^7) (b) NdF 3 , PrF 3 , DyF 3 , TbF 3 4 ^sj- s}S 

<33> olofl, ^7)o\}*] ^rifls]^ o] wj-^ ^tJ*}^ ^ ^(grain)^r l~20#m 3L7}£.*\ l m o}*} 

2\ ^-^°] ^SV^M -g-^flsl^ 20im 3±±^.5. c>\d -H ^ 

^ Nd-Fe-B7fl ^7^^ ^ 30-40 wt% ^ R(R-cr 0.8-1.5 wt%^ 

B, 0-20 wt%^ Co 54 0.1-5.0 wt%^ Al, Ga, Cu, Sn, Nb, V, Zr £E^r F z^o]^ 
±7} <&31, FeS ol^o]^ 5^^, St!- l-7l-3i)^l-7fl 1:^7]-^ o] ^f- 

nfl^j. sg-g-^IEfe 50-500/^S 50^11 ols>2] ^£ofl^ Mj-^Hr s^S} T^}!- 

5t)sr>7fl 5} 31, ^£7} 1^ t<H ^1^-g-O.S. 500/^1 °1^8r #1 *>^1 

<35> H£\J1, ^7)9] ^U-^^ 10wt% ZL ol^-ol ^7>£H ^^Hr 

(BH)max ^ ^^}# sr^KE-Ij- o] -Lo^cf. 

<36> ^ > #7l<M -g-^ (c) ^ofl ^ ^^s. ^Ais>7fl sq^, oi <i^e)oii 

^ItF *>7l^£- 500°C-^-E^ ^7>^H 800-1000°C ^lEofl^ ^Jl^Hl Tg*}x*\ t HOOM i^l-gr 
£ ol^oflA-^ ^s).^ 7>7l^^ ufEl-tflTll 5) JL t l^s} ^SKFluor ide)!-ol ^^J- 

<37> # 7 ]^ ^)2:0]] o] S j) R-Fe-BTfl c§^-xm&ig3- v}o]3.S. ^ 

S ^ y o v ^^^^2:<y R 2 Fei 4 B2l ^-#^1 5^#5. 7l^l^S ^ =-o]^ °Xjl, 
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<M#°.5.^- R-rich ^°-3l R-Fe R-f i UO r ide°-5. nMd^M , A 

<38> ^ 7 }°) R-pe-B^l o]w 0 v^ <S^H*^ tHt!" ^-3- ^UCgrain)^ 37^ l~20jumS. 

<39> ojoj] tfiSfl, ^^g. l~20^mfil 3711- ^Tfl 5]^ 3J°-3., o}^ 1 ^ol^r> ^ 

i^^t ^^*>7l nfl^cH] #71 -g-^ 371^ l~20^7f ^o] W}^*]^- 

< 40 > je*}-, #71^ R - F e-B7il olwj-^ ^^p^tSl ^^H^r 50~500/anS. ol^o^^cf. 

<41> o)6\] uflsfl, #7l -g-i^o} 50Qfm ol#o] 7^o]|^ ^7>^ ;fe^<H 9X°] ^ 

< 42 > Aj-7]^ R - F e-B^l o]«j-^ ^^7>^^-^ ^m^l^{(BH)max}^ 20MG0e ol^lJl, 

^(iHc)ol 5k0e a]^JlJL 7>7is.^^r o]^o]^v}-. 
<43> ol^l cfl*fl, #71 <HH*l3H(BH)max}°l 20MG0e oj^-o.^ s)o^o> -wj-^ ^l*}*] ^.cf ^ 

-Mtt SHJI, HDDR^r^-i: o]-g-*V ^7>^^ , <>1&|^ ^-g: ^ 

^IHtt 5k0e M.7.m&o] ol^o^o) 

<44> #7lSf ^-O], 3^1 71 51 ^ ^T^^ £-^>JI ^-71^1 ^-Br R-Fe-BTfl^ C>1 
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<45> ^ f ^7}o\}*\ -g-^ R 2 Fe 14 B^ 7>^1 71^1 ^4 #3^ <5]£ff-7}- f-f}- 

€ R-rich ^TflW 5)^1, o]iifl 7^1^ ^"g^^r 1~20(M °}JL, ^ 

^-g^Sfe 50~500/im , 7>7l^-^^ (BH)max >20MGOe, iHc > 5 kOe^-S. <fl 

<46> ^. ^ o. ^Al*>i &i==. ^ofl OXO] X^^}7\] ^ o|j7 ^ 7 >^ 

<47> €■ ^71^ ^ltt -M«1M Sl^fe ^nS. ^ S\ ^ 0>^ 

<48> i^, Nd-Fe-B i<J^^ ^ ^7|^| ^jl oi o.q- > ^Jf^ £ iofl 

<49> ^, ^-71 ^-o] ^^.g. « ti AV-g-^>7l 7> l^B^l nfl£- 

Sr^^ <I*i£]# ^^1^1 ^Cf. 

<50> aV 7 | I^Sl^ HD-g-^ ^#^ZL7|- ^l^oflA-^ ^Al^f^Jl, o)nfl ji^ej^o. 

1000°C^1^ 7>^- ^ M-Efvflji $Ji-°^ , ^je^ £ 2<^1 £a]^ u>sq- ^-O] <g^^ -g- 

^^W^ ^-7>^^- M-Ef^H ^^.SAi, oi ^-7>^-^o. HD «.Tg-o) i^f^^o] MC^-^cf qt^. 

^ ^ il^JI 54°-^, ^-7]^ ^ £ 1 ofl ^^fl ^7Hil±Ef nfl-f ^7] S.^ oj 

-§- £ ^7> $J^. 
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<5i> ztelJi, ^1^^- d>#71 s$t$£. ^A]*l jSlofl 150~200°C°1H ^-o^^ 

Jf-Ajo] t^>7> ^-Ol«flo> ^l7H-g- -g-^jjL Aj-g-^l iHc > 

1/2 Br^ *H^flo) *K^1, ^JE^ £ 3^] M-E^\f g #7l 

^7> ^Cf. 

<52> olofl 4= , i^T^o] ^^ofl 7}^ 3^8- ^7>*fl# ^>-§-^V^l ^fet-fl, o]^ 

^^-i^ £ 4°fl M-H^-^fl w}<2}- Qo] c^e.] ^7} £th8H 1*1 5} t!: Ji*r^* 
?A<L3-, ^(Fluoride) 2r^l-(DyF 3 , NdF 3 , PrF 3 H -g-^HH ^7MM: % 

^ #7>£ J±;43* q-E^vfl^ji, <£SK chloride) 3 ^ 

<53> Aj. 7 i ^-(Fluoride) S^l- f^H NdF 3 7> $7}& £^"§-£- <i^sl ^ Br^ (BH)max & 

°1 7H V ^7>*>^ZL, ^"71 DyF 3 ^ ^ TT iHc&M 3)^5. °1 ^ ^ . 
<54> HD^-g- nfl ^ 7H)# ^^Hr DyF 3 ^-g- ^ 

MC-g^ ^7>}^oi 7 R> ^Tfl M-^cf. 
<55> £ 5^ 5wt%^ DyF 3 7]- ^7>^ MC^-!^ HD^a] 1*1 31- #*>^ 

M^NE 3-2-3^ , °1tt £ 2^ ^7>^l7> ^^^1 ^ #*r^4- ^l^ti ^ *}-7]-lf- 

<56> zi^^., ^JE^ J£ 6a ^ E 6b^ 1*1 bHI S]fV ^-<y^>7l 

^9] ^ ^-g- ^^nl^(SEM)* ^^-S, £ 6a^] q-E]-^ ^7Hl7> ^^-JE] 
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*1 -g-lHH ^^e]» §1-71 *H til tig <!^el!- ^ltr 6b ^SHH^b 

#°1 ^>^^ sKim ^7 r oicf. 
<57> iE^r, %if-5LT£ s. 7°]) H^SE tifsf go], o)^ DyF 3 # ^-f 

7>^>el ^ £-^°l a ^ 0 ] «-^.e^ ^o.S. ^sH?}^ s]4 0 l ^<Ht+ul 

*r °1» # °fl ^ vfl-^^ ^aMl o)sll ^.7>^ol ^7}^-§- <£ ^7> ^cf. 

<58> o)o\] tfl*fl, ^^-£1^ £ 7«1H^ R-rich^l <M (grain boundary) ^4 3^ 

^ 27H # ^ 5Ufe3|, zz. ^ Sl^^l Nd-rich W I^hH sl«fl £L^Jf 

EDS(Energy Dispersive X-ray Spectrometer )♦ -f-tr ^^-^-§: ^f^^f. 
<59> ^, £ 8a°fl ti>^ ^Aflo^ Nd-rich^ Nd^r F^l -Sla. (peak)7> 

7HJ- ^A^, ^iE^ £ 8b°ll M-Er^fi tip^r ^-o] s^Jf^^A^ Dy, Nd> Fe o^ 5X]a(peak)7 r 
■feTfl DyF 3 ^ 7>^7> <a*)BH ^*fl Dy^- FS. S-Sfl^JL, #7} Fkr (grain 

boundary)!- *<sH SKVsM Nd ^^«rul, ^} Dy^r ^rX^l ^-¥-£1 

$ Dy ^-fr ^7>a]7J ^ojcf. 

<eo> o}5q- ^}i^7fl|3). «a Tfl (grain boundary)^ tMj^JE <*\x}^- 1% <^^}^ ^ 

°J°1 3<H ^.7>^ Sj^-ofl 7H*>J1 ^ 7 > ^4. 

<6i> £ 9^ DyF 3 l- %7}f*q l^tr £"iHl tfltr -^*H M-Br\H ^ 

43*}, ol«4 ^-o] oflol^ (aging) ^r£<Hl ttfej- jl^^o] #±.f>}<& , 9-lOkOe^l Ji*} 

-fr*l ^ 9X^, °1 ^5.$] J±*r^£- ^7>^1^1 ^ §}°1 l^tr ^J±tf €^ ^7} 
ft &o_3. iHc > l/2Br W^ul l^j ^^l^H-g- AV-g-o] 7>^^fcf. 
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<62> M. g-tgofl s]*^ R-Fe-B ^^H^ iHll- °l-g-*H 5|£^- 

31 IrSfC fluoride) 2r^-#^ tf-g- to^_ ^ j^ejo} =-^4 

^-g- ^ll2t 91SL^, o}^ 3^ til-g-o.^. ^ iL^j-^Jif ov^tb S-M- 711 

^ <t iL^^ ^]7lS)^ R-Fe-B dii^^H* ;«-g-*M 

<63> ol^Hl^ ^-g- tt ><4 ^-o], 311 7l5]^ yl-§-^-S 7fl «-B-^" =T 91 

711 ^H^r^ 7fl2:7> 7Hrtb cfl^^A>c>l -g-ol*V J^y} &JI, T-fl ^-g-ofl <q 

c^ol sj^st-S]^ JL^, *\)^o]} 51*11 71-71 Jf-^ ^Jl^ ol«J-^ « ^ 

ol ol=ol^l^ JL^S. <y*fl ^i^l^^ 331*H<21 7-111-g-^; ^ yj-^ofl rfl^j- Jl^oI ^S\o] 
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1] 

(a) R-Fe-B Tfl^ ^7J*H} ZL ^£3.^-8- 7l^l^o] ^iLS ^^M- 

^5^^371 50-500^ ^*}~ #7fl; 

(b) #7HH R-Fe-B7^1^ o]«j-^ <g^>^ o.l~50/zm H7l^ ^sj- 
s)J&ff-(RF 3 ) ^-t^ l~10wt%s] ^^-wlS £th«fe ^7j); ^ 

(c) #7H*i ^€ -S-lM- ^ SE^ 1-%^ 7}i &$\7] ^1 500~1100°C *>°H>H 

7)13:^ . 
[3^*8" 2] 

^ll^Hl 5^1, 

^"71 (a) i^THj ^*fl 311711-^ 7fl%-§- ^ ^iL^* ^^M, ^l7lsl^ R-Fe-BTfl^ o] 

*HHS. TJ^^-S^ JliL^l-^ 7>^^-^ ^ y o V ^ . 
3] 

^12%H1 SU^, 

^711-^ *fl*-g- ^ ^UL^-i: A o v 7l ^l7l£l^ R-Fe-BTfl^ ojyj-^ ^7.}*\°] 

^£l^-§- ^-ifltb #71 (B)#3H S]n NdF 3 , PrF 3 , DyF 3 , TbF 3 ^ ^ ^-Sj- 
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(fluoride) iWi-^: °l-g-*M ^r^SLsL Z}±= ^ = ^-g- p>o} 

as ^^-s^ -n^V^ ^H^^- afla^. 

4] 

£ 3 #3 £3 ^2:°] R 2 Fei 4 B^ ^-4-1} ^#3. 7 }x]^o_S. $1^, ^^1^" 

SLS.±r R-rich ^©.S R-Fe ^^"4 R-f luor ideJ°S. 9X°-*\ , ^ ^^>^ 5)S. 

40wt%^ R(R^r s^S^f- 30-80wt%^ Fe, 0.8~1.5wt%^ B, 0-20 wt%^ Co^r 0.1-5.0 

wt%Sl Al, Ga, Cu, Sn, Nb, V, Zr HL^r F ^4,7} £#=|<H oIjt., w^j-jq 

Ir^Kr °1^<H*1tt ^HJiLS Z}^ £i= ^HflS. ^^^SS] 

5] 

^7]$] R-Fe-B7jl ojaj-^ ^^^H^-^o] ig^oi 50~500/7mS <>1^-<H*1^ ^o. ^ 
6] 

^-71^ R-Fe-B^l ^^M^ oflM*l3H(BH)max}°l 20MG0e 

3KiHc)°] 5k0e 7>7l^# g-jy* o^o^^ 3* ^ £-i=*H}-g- 

3.S. ^^S^ JUi^ ^Hi^-ih 
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H (kOe) 



[5= 2] 



14 
12 
10 

8 

6 

4 

2 h 

0 



— MC 
HD 




MC (Br:10.9kG, iHc:6.4kOe) 
HD (Br:l1 .6kG, iHc:7.9kOe) 



-20 



-15 



-10 



-5 0 

H (kOe) 



10 



15 
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[5L 3] 



CD 

o 

o 
X 




After annealing 100 150 

Aging Temp.(°C) 



200 



4] 




w/o DyF 3 Dy 2 0 3 PrF 3 PrCI 3 Pr 2 0 3 NdCI 3 NdF 3 
Additive 

Additives 
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IS. 8a] 

Nd 

(a) Nd-i ich 




0.80 1.60 2.40 3.20 4.00 4.80 5.60 6.40 7.20 8.00 
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